Polymer composites reinforced with high strength synthetic fibres have been used for many engineering applications. Environmental and economic issues, encourage the exploration on the introduction natural-synthetic fibre hybrid composites. Mechanical properties are critical to composite performance and may due to the manufacturing process conditions. This study investigates the effect of post curing temperature, natural fibre content and resin-hardener mixing ratio on mechanical properties of kenaf-Kevlar hybrid composites. A full factorial design (2 3 ) was carried out to determine the effect these factors on the responses: flexural strength, flexural modulus and impact strength. A statistical study has been performed in order to determine the how the factors affect the responses. The study showed that post-curing temperature, kenaf content and resin-hardener mixing ratio gives significant effects on the mechanical properties of kenaf -Kevlar hybrid composites.
Introduction
Composites reinforced with high strength synthetic fibres have successfully proven their quality in many applications. Fibres such as aramid (Kevlar, Twaron), Ultra-high-molecular-weight polyethylene (UHMPE) and Dyneema are widely used for example in ballistic composites. Synthetic fibres normally are expensive and in some instances controlled items. Besides environmental conscious, there are some technical advantages which encourage the use of alternative fibres from plants. There are active research works to replace synthetic fibres with natural fibres [1] . In some application, hybridization of natural and synthetic fibres is more promising. Hybrid composites provide a combination of properties such as tensile modulus, compressive strength and impact strength which cannot be realized in composite materials [2] . Properties of composite depend mainly on its composition and the way of mixture rule (volume fraction) and manufacturing processes. Khan et al. [3] reported the effect of post curing effect on visco-elastic and mechanical properties of different sandwich structures. They observed the significant effect of post curing on the bending and compressive strengths of the sandwich structures. Post curing usually performed on composite material at an additional elevated temperature to improve its final properties. Defects in the composites may be about the process induced due to variation in the degree of curing [3] . Two main factors studied for post curing are the effect of temperature and exposure duration. In polymer matrix composites, the matrix properties determine limitations on composites performances [4] . The effect of the stoichiometric ratio of mechanical properties was reported [5] [6] . The changes from resin-rich formulation to hardener-rich formulation, result in the sample more ductile [7] . It was found that variation of the resin / hardener ratio can give remarkable differences in the mechanical behaviour [8] . In this study, hybrid laminated composites of kenaf -Kevlar has been fabricated and tested for the effects of post curing temperature, kenaf content and resin-hardener mixing ratio. Interactions between these factors were determined using statistical techniques. Regression models for each factor and flexural strength of the hybrid laminated composites were also reported.
Materials and methods
The specimen consists of six layers of Kevlar29 and unidirectional cross plies of kenaf yarn. The composites were hand lay up with epoxy resin (DER331) of density 1.08g/m3 cured with Jeffamine hardener. Pressure was applied using dead weights on the top of the mould 20cm x 20cm and cured at room temperature for 24 hours, followed by post-cured at a specified temperature for 4 hours. A 23 full factorial design of experiment (DOE) method was used for two independent factors leading to a total of eight sets of experiments as shown in Table 1 . The resin used in this study is D.E.R.331 liquid epoxy, a product of epichlorohydrin and bisphenol A to form the bisphenol A diglycidyl ether (commonly abbreviated to DGEBA). The resin was cured using Jointmine type (905-3S), cycloaliphatic amines. The stoichiometries mix ratio in phr (parts by weight per 100 parts of the epoxy resin mixture) of epoxy D.E.R. 331 with an epoxy equivalent weight (EEW=189) in Jointmine (905-3S), (amine equivalent weight, AEW=100) was calculated as; Phr = (AEW x 100)/ (Resin EEW) = (100 x 100)/ (189) = 53
(1) Flexural test. The flexural test was conducted by 3-point flexure using Instron 33R 4484 tensile testing machine according to ASTM D 790-03. The rectangular samples of dimension 100 mm x 100 mm were cut using circular saw and tested at a crosshead displacement rate of 5 mm/minute. Five specimens were tested at room temperature and the average value was taken as a final result.
Impact test. Charpy test was performed on eight samples using an impact tester (Instron-CEAST 9050) with a hammer type 25J. Un-notched specimens from each composition, 5 specimens of 80mm×10mm×4mm were produced and tested.
Results and Discussion
The result of this study was analysed using Analysis of Variance (ANOVA) results of the DOE responses. If the p-values are less than or equal to 0.05, it is possible to conclude that the relevant effect is significant. The level of significance (α-level of 0.05) implies that 95% of reliability of the effect being significant. The results are delivered via 'main effect' and 'interaction' plots to provide the variety of the significant effects. The main effect plots are used to compare the changes in the main level to examine which of the processing factors influence the most of the responses. Interaction plots are used to visualize the interaction effect of two or more factors on the response and to compare the relative strength of the effects [9] . The main effect of a factor should be interpreted individually only if there is no evidence that the factor interacts with others. When a factor or more interaction factors of superior order are significant, the factors that interact might be considered jointly and not separate [9] .
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The R 2 -value exhibited in the ANOVA represents the proportion of variation in the response data explained by the terms in the model. R 2 -values close to 1 (or 100%) indicate a very significant predictive ability of the model. The normal probability plot of residuals validates the normal conditions required to the ANOVA, i.e. the residuals might be well distributed along the straight line [9] . In this study, residual plots for all responses investigated showed similar behaviour, and extending to the normality requirements.
Flexural Properties. The flexural strength data varied from 66.5 MPa to 136.1MPa. The main effect of post curing temperature (factor A), interaction of factors A and B (kenaf content), interaction of factors B and C (resin-hardener mixing ratio); and interaction effects of factors ABC were significant with p-values of 0.0408, 0.0029, 0.0103 and 0.0368 respectively. The R 2 value of the above equation was 98.84, which means that 98.84% variation in the flexural strength is explained by the terms included in the equation. Figure 1 , shows the flexural properties were increased with the addition of kenaf and Kevlar in hybrid composites. The Kenaf epoxy sample shows a good flexural strength as compared to Kevlar epoxy composites. Samples which post cured at 80 o C for 4 hours; except for sample 6 recorded an increase in flexural strength. Samples with low kenaf content reported to have higher flexural strength compared to samples with higher kenaf content. For resin-hardener mixing ratio factor, the flexural strength did not change consistent with the addition of hardener from 30phr (below stoichiometry) to 50 phr (stoichiometry). Figure 2 shows the interaction effect plot of post curing temperature, kenaf content and resin-hardener mixing ratio of flexural strength of the hybrid composites. It was observed that the effect of post curing temperature was more noticeable when the kenaf content is higher. High post curing temperature increase flexural strength of the composites.
The The values of flexural modulus of the composites range from 2.6GPa to 5.7GPa (Figure 1 ). Similar in flexural strength, the flexural modulus of hybrid composites was increased with the addition of kenaf and Kevlar in hybrid composites compared to neat epoxy. Except for sample 3, flexural modulus of hybrid composites is higher compared to Kenaf epoxy composites. It was observed that, there is no consistent trend in changes of flexural modulus with respect to factors evaluated in this study. Impact properties of hybrid composites. The impact strength data varied from 69.95kJ/m 2 to 155kJ/m 2 . The interaction effect of factors AB, AC, and BC were significant with p-values of 0.03, 0.01 and 0.05 respectively. Figure 3 shows the interaction effect plot of post curing temperature and kenaf content on impact strength of the hybrid composites. The kenaf content at any post curing temperature contribute to reduce the impact strength of kenaf-Kevlar hybrid composites. The high impact strength of the composites was achieved when low kenaf content (10gram) added and the composites was post cured at 80 o C.
The regression equation is as follows: Impact strength = +117.57+13.74* AB-20.43* AC+11.48* BC Highest desirability recorded as 0.827 and flexural strength of 140.3MPa when composite with 20g of kenaf was post cured at 80 o C and resin hardener ratio at 30 phr.
Conclusions
In this study, factors affecting the mechanical properties of kenaf-Kevlar hybrid composites have been studied. According to obtained results it can be concluded that: Based on the results obtained by ANOVA analysis, post-curing temperature, kenaf content and resin-hardener mixing ratio gives significant effects towards the mechanical properties of kenaf -Kevlar hybrid composites.
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